i o n t h r u s t e r i s reported and discussed.
NTRODUCT 1 ON
Within ESR's research programme on e l e c t r i c propulsion, f i e l d emiss i o n e l e c t r i c propulsion using 1 i q u i d caesium (CS) as f avoured propell a n t is o f special importance; research and development work performed a t EÇTEC r e s u l t s i n t h e s l i t e m i t t e r / 1 / , / 2 / .
When t h e surface of a l i q u i d metal i s subjected t o a high e l e c t r i c f i e l d i t i s d i s t o r t e d i n t o a cone or a s e r i e s of cones which protrude more and more from the surface w i t h increasing f i e l d strength.
When t h e l o c a l f i e l d reaches values o f t h e order o f i09Vm-x, atoms o f the metal t i p are ionized e i t h e r by f i e l d desorption o r f i e l d i o n ization; w i t h t h e proper e l e c t r i c p o l a r i t y , t h e f r e e electrons are rejected i n t o t h e bulk o f the l i q u i d metal w h i l e the i o n s are accelerated and expelled from t h e e m i t t e r by t h e same e l e c t r i c f i e l d which has ionized them, c r e a t i n g t h e r e f o r e t h e t h r u s t .
Recent i n v e s t i g a t i o n s /3/,/4/ have demonstrated t h e outstanding importance of both the r e s i d u a l gas atmosphere and the e m i t t e r prep a r a t i o n technique on t h e emission performance of s l i t emitters. Besides t h e emission s i t e d i s t r i b u t i o n /4/,the beam divergence i s of considerable importance as i t i s d i r e c t l y connected t o the s p e c i f i c t h r u s t , the l a t t e r being a s t r i k i n g f i g u r e of m e r i t of a f i e l d emission i o n thruster.
I I . THE SLIT EMITTER MODULE
The s l i t e m i t t e r module i n p r i n c i p l e c o n s i s t s o f two symmetrical h i g h l y polished metal p l a t e s of the shape depicted i n F i g . l . I n one or both of the e m i t t e r halves t h e r e i s m i l l e d a recess t a be o f use as a r e s e r v o i r of the l i q u i d metal (mostly Cs) supplied t o t h e e m i t t e r mod u l e e i t h e r by an open funnel or a feeding c a p i l l a r y tube. On c e r t a i n regions of one of t h e i n s i d e faces there i s s p u t t e r deposited a l a y e r of n i c k e l w i t h a thickness of the order o f lO-'rn.
When the two halven are t i g h t l y clamped together they are separated by the thickness of t h i s layer, thus forming a narrow s l i t of width w and depth d through which t h e l i q u i d metal can f l o w and be transported t o the edges of the s l i t by the a c t i o n of c a p i l l a r y forces iFig.2).
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Emitter Slit
F i g u r e 2: S e c t i o n a l view o f t h e emi t t e r -a c c e l e r a t o r c o n f i g u r a t i o n U n t i l now, a number of e m i t t e r modules w i t h s l i t l e n g t h s o f 10, 30, 50 and 80mm have been produced. The e l e c t r o d e c o n f i g u r a t i o n w i d e l y used t o c r e a t e t h e praper e l e c t r i c f i e l d a t t h e e m i t t e r s l i t edge regi o n i s shown i n Fig. 2 . A plane a c c e l e r a t o r e l e c t r o d e w i t h an a p e r t u r e o f w i d t h 2b 15 mounted i n a l i n e a r d i s t a n c e a o f t h e e m i t t e r s l i t edge.
Both e m i t t e r and a c c e l e r a t o r a r e kept a t v o l t a g e s +UE and -i l , , , r e s p e c t i v e l y vs. ground p o t e n t i a l i n order t o accomplish f o r t h e e l e c t r i c f i e l d necessary t o c r e a t e and a c c e l e r a t e t h e i o n beam. Under t h e assumption t h a t a l 1 of t h e charge t r a n s p o r t e d from t h e e m i t t e r i s released i n form o f s i n g l y i o n i z e d C s atoms o n l y (neglect i n g t h e r e f o r e t h e c o n t r i b u t i o n O+ malecular i o n s which a r e found t o c o n t r i b u t e o n l y about 115% t a t h e charge t r a n s p o r t ) and assuming f u rthermore t h a t a l 1 these i o n s a r e e m i t t e d normally t o t h e plane o f t h e a c c e l e r a t o r electrode, t h e t h r u s t F i s then given where vE i s t h e exhaust v e l o c i t y af t h e i o n s (i.e. t h e f i n a l v e l a c i t y i n f i e l d -f r e e space) r e s u l t i n g from conservation o f energy UE i s t h e e m i t t e r v o l t a g e and mi i s t h e i o n mass. R e l a t i n g t h e i o n mass f l o w r a t e &+ t o t h e emission c u r r e n t IE then t h e t h r u s t i s given by Contrary t a t h e assumption made above o f an one-dimenaional beam one + i n d s t h a t f o r a s l i t e m i t t e r aome divergence o f t h e beam occurs i n b o t h t h e plane normal t o t h e plane o f t h e e m i t t e r s l i t as ne11 as
i n t h e p l a n e o f t h e e m i t t e r , denoted by t h e azimuthal h a l f -a n g l e 9 and t h e t r a n s v e r s a l h a l f -angle w r e s p e c t i v e 1 y as being out1 i n e d i n Fig. 1 .
As t h e measured values o f t h e t h r u s t F always a r e below t h e theoret i c a l ones d e f i n e d by eq.i4), i n an attempt t o account o f t h e beam d ivergence R a r t o l i e t . a l . f l / proposed a m o d i f i e d formula f o r t h e t h r u s t where i t i s assumed t h a t t h e r e i s an u n i f o r m d i s t r i b u t i o n o f i o n t r aj e c t o r i e s w i t h i n 9 and (p.
In order t o investigate the emission performance, a mini-emitter (emitter El) developed for this special purpose by ESTEC with a rather short emitter slit length 1=1.10-2m was inserted into an ultrahighvacuum equipment. The typical data for the emitter-accelerator geometry according Fig.2 are as follows: a = 6.10d4m, 2b = 4.10-3m,  d = 5.10-3m, w = 1,2.10-6m .
For the f irst time a slit emitter was f iring in vertical position, being supplied with Ce of high purity by means of a completely closed Cs-feeding system; such a closed propellant supply system requiring in principle no gravitational forces and allowing for firing of the emitter in any optinal direction aleo claims general interest in yiew of future space applications of liquid metal field emission thrusters /3/.
In order t o obtain homogeneoua wetting of al1 interna1 surfaces of the Cs-feeding system and of the emitter itself, without emission an ultimate total background pressure of about 5.10-l0 mbar was maintained within the vacuum chamber, the contribution of HzO and OH to this pressure being about 20% and 5% respectively.
The common phenomenological picture of emission within a current range of some 10-3A always shows a rather large number (about 1200) of equidistant faint glowing zones of equal brightness spaced by about 7,5.10-6m and distributed homogeneously along the emitter slit edge, the only exception being two much brighter luminous regions at the slit ends as well a s some few less brighter sites occuring always at the same places. As the brightness of the luminous zone in front of the apex of an emission site depends on the emission current, one may conclude from this feature a homogeneous distribution of equidistant spaced identical emission sites auperimpoaed by some few sites with higher emission current.
Beam di vergence
The profile of the ion beam emanating from the emission sites situated along the emitter slit edge is recorded in both azimuthal and transversal direction by either pivoting the emitter around an azimuthal angle 3 and rotate an ion probe around a transversal angle <p. Furthermore the azimuthal divergence of both the neutrals a s well as atomic and molecular ions emanating from the emitter is measured by means of a quadrupole mass analyzer ( @ M A ) , the axis of the latter being coincident t o the direction defined by the relations 9 = 0" and
The beam divergence in both azimuthal and transversal direction is outlined in the axionometric display shown in F i g . 3 . The most striking result i s obtained for the neutral particle flux (Cs°FI) . The divergence profile of the beam t o a certain extent is between the rather narrow distribution of the ionized particle flux (Cs+FI) and the cosine distribution; the results of different measurements show a rather large scatter, the values of the FWHM being between about 97-and 107O. The divergence profile shows a cut off at 9 = 60" due to the shadow effect of the accelerator electrode. If one assumes the neutral particle flux <Cs°FIf being created mainly due to dissociation of microdroplets by electric forces, the observed beam profiles possibly may be explalned by a superposition of the strictly directed velocity components of initially charged microparticles in the accelerating electric field with the rather unif orm distributed velocity components of neutral particles due t o the dissociation process i t s e l f~ also elastic collision processes between ions and neutral atoms may play some distinct role.
The beam profile of the ionized atomic particle flux (Cs+FI) finally i s nearly identical t o the divergence profiles obtained by ion probe measurements; similar results were obtained for molecular ions Cs=+ and Cs=+.
I n t h e present experiment there i s no p o s s i b i l i t y of a d i r e c t measurement of the t h r u s t of the e m i t t e r modules. I n order t o obtain a comparative value, the t h r u s t i s calculated according eq. (4) Considering f u r t h e r t h e i n f l u e n c e of the beam divergence one f i n d s where 6 i s a divergence f a c t o r given according eq.i5).
From F i g i 3 one fi nds f o r a w i de range o f the emissi on c u r r e n t nearl y constant values o f t h e azimuthal h a l f angle ( w = 50°) and of t h e transversal h a l f angle (Et=3S0) .
For a comparable emitter (ESTEC1,l) yet having an e m i t t e r s l i t length 1 = 5.10-"m, B a r t o l i &.al . / l / measured t h e t h r u s t by means of a balance a t a constant value o f t h e emission current IE = 1.10-"A; f o r t h i s c u r r e n t t h e beam divergence was evaluated t o be about -35" and ~1 5~. I n a voltage range of Ue between &.los and 1,2.104V, good agreement w a s found between the measured t h r u s t and t h e calculated values according eq.(7). I n order t o compare t h e emission perIormance o f t h e present e m i t t e r E l and the emitter ESTEC1,1, f o r t h e same values of t h e s p e c i f i c emiss i o n c u r r e n t I,'= I r / l = 2.10-=%cm-+ and an emitter voltage UE = l.104V, c h a r a c t e r i s t i c emission parameter are summarized i n Tab.1.
Besides t h e divergence f a c t o r 8, there are i n d i c a t e d i n Tab.1 as follows: The t h r u s t F I , t h e t o t a l power i n p u t P, the s p e c i f i c t h r u s t Fe' normalized t o e m i t t e r u n i t length and f i n a l l y t h e s p e c i f i c power P ' which i s given by The t o t a l power i n p u t P t o the emitter, neglecting the almost t i n y c o n t r i b u t i o n o f t h e accelerator power 105s then i s given by 
35"
0,87 2,88.1tP4 20 2,9.10-4 6,94.104 I D Considering the actual percentage o f dimers and t r i m e r s (Cs=+, Css') i n t h e i o n beam, the share of t h e l a t t e r i s about 16% on the charge transport, about 30% on the mass transport and about 22% on the t h r u s t .
